Sphaerophysa salsula (Pall.) DC (Leguminosae), a plant widely distributed in mid-Asia and the northwest of China, has been used as a folk medicine in China. We previously reported the chemical constituents of S. salsula [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , from which three cycloartane derivatives were isolated. Some of the isolated compounds were screened for anti-cancer activity and the flavonoids showed weak activity (data not shown). In this paper, we report the cytotoxicity of three cycloartanes (Figure 1 ). The anti-tumor activity of the cycloartanes were evaluated in vitro against U87wt, H460, SF188 and MCF-7 cells, and showed dose-response activity ( Figure 2 ). Compounds 1 and 2 showed the best inhibition against the above cells. All the compounds showed weak cytotoxicity against cell line H460, but medium anti-tumor activity against U87wt, SF188 and MCF-7 cells, with IC 50 values of about 15 μM. DMSO was used as negative control.
To further investigate the specific cell cycle distribution and apoptosis of U87wt induced by compound 1, its effect on cell cycle progression was determined by flow cytometry. Cell cycle distribution changes had been detected at different times and concentrations (data not shown), and the optimum conditions were 7.5 μM, and 6 h and 12 h on U87wt, respectively, After treatment, the changes of cell progression of U87wt were distinctly different from the controls (Table 1 ). It caused significant G 2 /M arrest (P<0.001 and 0.01) with no decrease of cell population in the G 0 /G 1 phase (P<0.001), but decrease in the S phase of U87wt cells. We also tested the effect of compound 1 on SF188wt cells, but no significant difference was noted (data not shown). Compound 1 led to G2/M arrest of U87wt cells, so we wanted to determine the level of p21 protein in these cells exposed to 7.5 μM of compound 1. The level of p21 protein progressively increased in a time-dependent manner after treatment with compound 1.
The cycloartane cytotoxicity had been reported before when the compounds were isolated for the first time [11] . From the MTT results, the length of the side chain is an important element of the cytotoxcity of compounds 1-3. The more polar and longer the side chain, the weaker is the cytotoxicity of the compounds. Compound 1 was the most effective against the cells, and showed a dosedependent antiproliferative effect; the mechanism of action is poorly understood. The purpose of the present study was to elucidate the molecular mechanism of action by which compound 1 inhibited proliferation of U87wt cells. As shown in the cell cycle analysis, compound 1 induced a timedependent accumulation of cells in the G2/M phase of the cell cycle. Our study demonstrated that G2/M arrest was associated with up-regulation of the p21 protein, suggesting that this induction is an important event in the antiproliferative effect induced by compound 1. However, compound 1 never induced SF188 to G2/M arrest and the cell cycle was never changed (data not shown); the reason maybe comes from the mutant p53 gene in SF188 cells. So the p21 in U87wt cells may be induced by p53, and p53 has an important role in U87wt cell cycle progression induced by compound 1. In conclusion, sphaerophysone A, a new cycloartane with a moiety of 1-en-3-one, can trigger G2/M growth arrest of U87wt cells, which is mediated by up-regulation of p21. Thus, sphaerophysone A may be useful as a lead compound against brain tumors. It has anti-proliferation activity with an IC 50 value of 14 μM, and the inhibitory rate reached 92.4% at a concentration of 50 μM.
Experimental

Test compounds:
The three test cycloartanes 1-3 were isolated and characterized previously [3, 9] .
Cell culture: SF188, U87wt, MCF-7 and H460 cells were maintained in DMEM (Invitrogen) containing 5% FBS (Gibco), 2 mg/mL sodium bicarbonate, 100 U penicillin sodium salt and 100 μg/mL streptomycin sulfate. Cells were grown to 70% confluence, trypsinized with 0.05% trypsin-2 mM EDTA, and plated for experimental use. In all experiments, cells 
Flow cytometry analysis:
U87wt cells were treated with compound 1 at a concentration of 20 μM for 6 h and 12 h, respectively. After treatment, cells were collected and fixed in 70% cold ethanol (−20 o C) overnight. After washing twice with PBS, the cells were resuspended in PBS. RNA in the fixed cells was digested using RNase A (0.5 mg/mL) at 37 o C for 1 h. Finally, the cells were stained with propidium iodide (PI) (2.5 μg/mL). The DNA content of the cells was then analyzed with a FACSCalibur instrument (Becton-Dickinson and Coulter Epics XL); at least 5,000 cells in cell cycle were counted.
Western blotting: After treatment, cells were washed three times with ice-cold PBS and lysed with lysis buffer (50 mM Tris-HCl, pH 7.4, 10 mM EDTA, 1% Triton X-100, 26% urea, 1 tablet/10 mL protease inhibitor cocktail tablets). Sticky DNA was removed from lysates with a sterile toothpick. The protein concentration of the supernatant was measured by the Bradford method. SDS-PAGE was performed under reducing conditions on 10% polyacrylamide gels, as described by Laemmli [12] . The resolved proteins were transferred onto nitrocellulose sheets. The nitrocellulose membrane was then incubated with a rabbit polyclonal anti-P21. Secondary antibody to IgG conjugated to horseradish peroxidase was used. The blots were probed with the ECL Western blot detection system according to the manufacturer's instructions.
Statistics: Student's t-test was used and P<0.05 was considered significant.
